INTRODUCTION
Sturgeon fish (Acipenser güldenstädti Br.) gonadotropic hormone is a glycoprotein and its molecule (26 kDa), like mammalian gonadotropin molecules, is built of two heterodimeric subunits non-covalently bound to each other. Individual subunits have no hormonal function. Hormonal function typical of gonadotropic hormone (GTH) may be restored to about 70% and immunoreactivity up to 100% only after in vitro self-reassociation of the separate counterpart subunits into heterodimeric a-b molecular structure (Çåíêåâè÷, 1994) . The hormone contains up to 30% of the sugar moiety (Çåíêåâè÷ è äð., 1992) .
Amino acid analysis has indicated six arginine residues in the hormone molecule, four of which were located in the a subunit (aGTH) and two in the b subunit (bGTH) (Çåí-êåâè÷ è äð., 1985) .
It is known that the guanidine groups of the arginine side chains are the carriers of positive charge of protein molecules and may exhibit even stronger basic properties than the amino groups of lysine or the imidazole radicals of histidine. Also, arginine has a rather long side chain, which may also play a certain role in the structural-functional properties of the hormone.
Results of our earlier studies showed that bGTH, due to its high conformational rigidity (six S-S-bonds), serves as a core of the hormone heterodimeric molecule and may impart receptor-specific three-dimensional spatial structure, not only to the conformationally flexible aGTH (one S-S-bond), but also to the whole a-b molecule (Çåíêåâè÷ è äð., 1985; Çåíêåâè÷, 1992) . However, the role of the guanidine groups in structural-functional properties of the hormone molecule has so far remained unclear. It was shown that the blockage of positive charge of guanidines with a group specific reagent produced a certain shift in the positive charge distribution on the surface of the separate subunits and GTH (Zenkevics et al., 2006) . However, the role of the guanidine groups in the maintenance of the functionally effective spatial structure of the hormone has not been investigated. The elucidation of this question was the goal of this study.
MATERIALS AND METHODS
A highly purified standard preparation of sturgeon GTH was isolated from acetone-dried pituitary glands of the fish using gel-filtration and ion-exchange chromatography on DEAE-cellulose columns, according to the procedure described earlier (Çåíêåâè÷, 1992) .
PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 64 (2010), No. 3/4 (668/669) Individual a and b subunits of GTH were isolated by ion-exchange chromatography on SE-Sephadex C-25 in 0.025 M acetate buffer at pH 4.9, after GTH dissociation in 8 M urea according to Hennen et al., 1971 . Reassociation of subunits was carried out in saline (12 h) at room temperature at a total protein concentration of about 0.2%, using counterpart subunits at an equimolar ratio. Double immunodiffusion tests in 1% agar gel (Bacto-agar Difco, USA) in veronal buffer (ionic strength 0.05, pH 8.6) were performed by Ouchterlony´s method (Ouchterlony, 1958) using polyclonal monovalent antisera. To produce antisera against GTH and its separate subunits young rabbits were injected with the preparations (0.2 mg/injection) in saline using complete Freund´s adjuvant (Calbiochem, USA) for ten weeks. The relative immunoreactivity as a percent of the standard and modified preparations was calculated as the inverse proportion between the numbers of active double dilutions of the comparatively tested antigens.
Hormonal (gonadotropic) activity of GTH and reassociated (recombined) a-b subunit preparations was evaluated using the grass frog Rana temporaria L. oocyte in vitro maturation test (Thornton, 1971) . The gonadotropic activity was expressed as the minimal dose of the hormone preparation that produced 50% test-oocyte maturation (D 50 ) (Zenkevics et al., 2005) The arginine residues in the dimeric GTH molecule and in the individual subunits were modified in the absence of denaturing agent by 1,2-cyclohexanedione (CHD) (ACROS Organics, Belgium), which is known to selectively modify guanidine groups of proteins (Patty and Smith, 1975) . The reaction was performed in a borate buffer (pH 8.5) at a 15-fold molar excess of the reagent. The number of modified arginine residues was determined by analyzing the amino acid content (Mikrotehna Praha, Czech Rep.). Circular dichroism (CD) spectra were recorded on a Jasco J-710 spectropolarimeter over the wavelength range from 180 to 300 nm at 22-25 o C. The spectropolarimeter was calibrated using epiandrosterone and 10-camphorsulphonic acid as standards. For recording of spectra, 0.1-0.01 cm quartz cells of Helma were used. The concentration of proteins in the solution was 10 -3 -10 -4 M. CD data are given in units of molar ellipticity per amino acid residue of an average relative molecular mass 108. The content of various secondary structures in the preparations was calculated with using the CDPro -CONTINLL software (Sreerama et al., 1999; Witmore and Wallace, 2004; Lees et al., 2006) . In our case, CD spectra of 29-48 proteins were used for calculation of the secondary structure elements. The difference between experimental and calculated results varies by about 3-5%.
RESULTS
The results showed that, in the initial dimeric molecule of the hormone, only two of the six guanidine groups of arginine underwent modification. When separate subunits were used, the degree of modification (i.e., the number of groups modified by the reagent) did not increase, and only one arginine residue was accessible for modification in each individual subunit.
Comparative assessment of the specific gonadotropic function of the reassociated hybrid a-b dimers (recombinants) containing one or both CHD-modified subunits using intact GTH as a Standard, revealed that the blockage of one or both guanidines completely inactivates a-b structure. Also, CDH-modified standard GTH turned out to be completely devoid of hormonal function.
Comparative immunotests in double diffusion with homologous antisera showed that the immunoreactivity of the hybrid dimers and CHD-GTH decreased on average by 43% (Table 1) . CHD-aGTH did not lower its immunoreactivity while the activity of the CHD-bGTH decreased by 22% in comparison with that of the standard subunit (Table 1) . Nevertheless, all the CHD-modified preparations (Table 1) revealed immunologic identity with the corresponding intact standard preparations in the double diffusion reactions using antisera raised against the standards.
CD spectra of the standard GTH and CHD-GTH, aGTH and CHD-aGTH, and bGTH and CHD-bGHT are shown in Fig. 1 (A, B and C) . A negative band around 193-197 nm and a shoulder (or two minor negative bands) at 205 and 215 nm are well expressed for GTH, a and bGTH, and CHD-bGTH. The shape of the curves is different for CHD-GTH and CHD-aGTH. A negative band around 195 nm dissapears completely for CHD-GTH, but is more expressed in CHD-aGTH.
In the case of aGTH, the negative Cotton effect around 195 nm is close to the well known negative band of the random coil at 198 nm; while the shoulder and the negative band (around 205 and 215 nm) could arise from the significant contribution of the b-structures, influenced by a minor amount of a-helix (Lees et al., 2006 
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The spatial structure of CHD-GTH seems to be different if compared to the standard GTH molecule. This is clearly seen in Fig. 1A , where the shape of the curve is significantly changed. The same can be said regarding the spectra of aGTH and CHD-aGTH (Fig. 1B) . Spectral differences between bGTH and CHD-bGTH were insignificant (Fig.  1C ).
DISCUSSION
Modification of GTH and its separate subunits resulted in blockage of only one guanidine in each subunit and also two guanidines were blocked in the case of intact GTH. This provided evidence that each of the two guanidine groups, accessible for the reagent, is bound to an individual subunit and that both modified groups are located on the surface of the hormone dimeric molecule. The remaining four arginine residues -three in a and one in b subunitare apparently encompassed with a hydrophobic environment, being buried inside the protein molecule and are inaccessible for the reagent.
The comparative immunologic investigation showed that the blockage of one guanidine group in any of the counterpart subunits (or in both subunits) did not prevent the formation of the hormone-like dimeric a-b structures recognizable by GTH antibodies (Table 1) . Since the subunit self-reassociation or recombination requires structural fit of the interaction sites located on the counterpart subunits, it may be supposed that the modification with CHD did not produce any serious disturbances in the subunits spatial structure. Also, immunotests of the individual CHD-modified subunit showed full antigenic identity with the corresponding standards in the double immunodiffusion.
This indicated quite clearly that both subunits, despite of the modification, retained their native three-dimensional structure, or structural backbone of its functionally important zones, very close or identical with those of the native subunits. Immunoreactivity tests showed that CHD-aGTH retained its initial activity while the reactivity of CHD-bGTH slightly decreased (by 22%) in comparison with that of the standard preparation (Table 1) . Nevertheless, spectroscopic analysis revealed slight diferences between intact and CHD-modified aGTH (Fig. 1B) , which arose from the significant contributions of the b-structures, influenced by minor amount of a-helix (Lees et al., 2006 ) . In consequence, the modification of arginine in aGTH caused shifts in the shape of curve and created certain distortions in its spatial structure, slightly increasing the content of the disordered or "random coil" structures (Fig.1B, Table 2 ). In contrast, the modified bGTH did not influence the shape of the curve and, consequently, the secondary structure of this subunit. It seems not to be influenced very much by the modification, but content of the disordered structure in the subunit slightly increased, while the amount of the regular structures somewhat decreased (Fig.1C , Table 2 ). This finding supports our earlier results indicating that the molecular coformation of sturgeon bGTH, as a core of the dimer molecule, is much more rigid than that of the aGTH (Çåíêåâè÷, 1992; Zenkeviès,1994) .
Using monovalent rabbit antiserum raised against standard GTH it was shown that the three types of hybrid a-b recombinants: CHD-aGTH+bGTH, aGTH+CHD-bGTH, and CHD-aGTH+CHD-bGTH, retained almost 60% of the original immunoreactivity typical for GTH and also revealed antigenic identity with the standard hormone. Antigenic identity of the hybrid dimers with reconstructed standard aGTH+bGTH and GTH was observed. The same immunoreactivity was shown by CHD-GTH (Table 1) . CD spectra of GTH and CHD-GTH showed that the spatial structure of the modified hormone differed from that of the standard GTH (Fig. 1A) . The above showed that the spatial structure of the antigenic determinant groups of the modified preparations retained their stereospecific complementarity with the active or combining sites of the antibodies raised against the standard hormone. This provided evidence that the three-dimensional structure of antigenic determinant groups of the hybrid dimers and CHD-GTH are related to that of the standard hormone and is recognisable by the active sites of its antibodies.
The investigation showed that the removal of one or two positively charged side groups, each in separate subunit, did not cause any considerable distortions neither in individual subunits nor in the standard hormone spatial structure, although some local changes occured in the content of particular types of the secondary structure (Table 2) .
However, all modified dimer preparations completely lost hormonal activity, while still retaining rather high speciesspecific immunoreactivity, typical for the native hormone.
Regarding hormonal function, even minimal distortions of the spatial structure of protein-or peptide-like bioregulators like GTH may alter their active site functional (effector) group disposition on the molecular surface and result in considerable changes in their ability to interact stereospecifically with the hormone-specific receptor sites of the hormone-sensitive cell (oocyte) follicular membrane to induce the gonadotropic effects. The results of this investigation also support our previous findings indicating that the immunoreactivity of sturgeon GTH is much less vulnerable than its specific gonadotropic function (Çåíêåâè÷, 1992 ) .
Based on these findings, we conclude that spatial structures of the intact and CHD-modified hormone preparations generally differ. They contain 2-3% of regular and distorted a-helix, about 40% b-strand,~20% b-turn and a many "other structures" (~40%) that can be considered as "random coil" (Table 2 ). This means that the modified guanidine groups did not play decisive role in sustaining the spatial structure of the individual subunits, i.e. modified subunits did not have considerable alterations in their secondary structure. They retained ability to interact complementary with the native and modified counterparts forming stable a-b structures with considerably lowered specific immunoreactivity.
Thus, the investigated guanidine groups are of exclusive importance for the sturgeon gonadotropin function at the hormone-specific receptor level, and probably are involved in the functionally important active sites or effector zones located on the surface of the hormone molecule. Also, the two investigated guanidine groups have some importance in the sustaining of the functionally effective three-dimensional structure of GTH subunits. Modification of the groups resulted in some shifts in particular types of the secondary structure producing changes in immunologic properties of the hormone.
